An applied breeding program focused on the improvement of eastern black walnut (Juglans nigra) for edible nut production was initiated at the University of Missouri in 1996. Eighty four cultivars were grown as 158 trees in three replicated clonal repositories. Beginning in 2003, the collection was characterized using seven phenological descriptors: date of budbreak, first pistillate bloom, peak pistillate bloom, first pollen shed, peak pollen shed, nut harvest date and season length. In 2004, all trees were further characterized using 10 microsatellite markers. Genetic fingerprinting showed that the collection contained 57 cultivars rather than the expected 84, which we attribute to past propagation errors. Fingerprinting results generally agreed with the phenological data. The utility of phenological data for discriminating genotypes was affected by specific descriptor and tree size. First pistillate bloom, first pollen shed and season length calculated on a date basis had the smallest coefficients of variation for the seven phenological descriptors used in this study.
INTRODUCTION
.
A set of eastern black walnut nuclear microsatellite loci (Woeste et al., 2002) has been employed to characterize genetic diversity in populations of black walnut (Robichaud et al., 2006; Victory et al., 2006) , butternut (J. cinerea L.) and other Juglandaceae species (Ross-Davis and Woeste, 2008) . Microsatellite markers can also be employed to verify the identity of commercially important nut cultivars (Woeste et al., 2002) . The objective of this study was to characterize a collection of black walnut nut cultivars using 10 microsatellite marker loci and seven phenological descriptors.
MATERIALS AND METHODS
Originally, a total of 84 named cultivars grown for their nuts were established in replicated clonal repositories at the Horticulture and Agroforestry Research Center (HARC) in New Franklin, MO (39º01'N 92º74'W) beginning in 1996, with each cultivar represented by 1-4 ramets (Coggeshall, 2002) . In 2004, a total of 158 trees were genotyped using 10 nuclear microsatellite markers (Woeste et al., 2002) , nine of which were subsequently included in a working set of 12 robust markers used to accurately delimit seed origins within a range-wide black walnut provenance test (Robichaud et al., 2006) .
Beginning in 2003, each tree was characterized using seven phenological descriptors over four consecutive growing seasons. 'Davidson', the earliest leafing cultivar in this collection, was used as a reference standard. Date of budbreak was when 50% of terminal shoots first exhibited green leaves. First pistillate bloom date corresponded to the initial date of pistillate flower receptivity. First pollen date was the initial pollen shed date. Peak (mean) pistillate bloom was calculated as the number of days before (-) or after (+) 'Davidson', the reference standard. Peak (mean) pollen shed date and date of harvest were calculated in a similar manner. Season length was defined as the number of days from peak pistillate receptivity to date of harvest. Means and coefficients of variation were calculated for the seven descriptors for each cultivar in each year.
RESULTS AND DISCUSSION
The microsatellite data revealed that a large number of trees in this collection were mis-identified. Instead of 84 named cultivars, this Missouri collection actually contained only 57 different clones. This 32% error rate is attributed to past propagation errors, due to the fact that most scions were obtained from non-commercial sources. The majority of these errors were in 12 cultivars (Table 1) which were represented by 74 trees and 33 names. For 10 of these cultivars, a total of 18 individual trees exhibited two base pair variations at one locus and of these, six individuals differed in their fingerprints by more than two base pairs at one locus. We plan to repeat the fingerprinting of these 18 individuals in late summer 2009. Each of these 12 cultivars was represented by 3 to 14 ramets, which provided an opportunity to compare the microsatellite results with the seven phenological descriptors.
Descriptor means showed a wide range for these 12 cultivars observed over four consecutive growing seasons (Table 2 ). Budbreak date ranged from 2.0 to 24.9 days after 'Davidson', and peak pistillate date ranged from 0.5 to 25.0 days after 'Davidson'. Likewise, peak pollen shed date ranged from 0.0 to 23.3 days and harvest date ranged from 0.0 to 37.2 days after the reference standard.
In addition to descriptor means, coefficients of variation were calculated for each descriptor by cultivar and by year (Table 2) . Since this statistic is independent of the unit of measurement (Steel and Torrie, 1960) it can be used to compare and contrast the relative magnitude of variation associated with each descriptor. For the four descriptors calculated using the reference standard 'Davidson', coefficients of variation ranged from 0.0 to 42.6% for budbreak date, 0.5 to 76.4% for peak pistillate date, 0.6 to 34.3% for peak pollen shed date and 0.0 to 37.0% for date of harvest. These high values reflect the variation associated with estimating the initiation and end dates in the cultivars and the reference standard, which itself exhibits some variation among trees and from year to year. These descriptors are also influenced by spring weather conditions, tree size, and human error. It is important to note that the largest coefficients of variation were for peak pistillate date. Although it is straightforward to document the first date of pistillate receptivity, it is more difficult to determine when pistillate blooms are no longer receptive for this species.
First pistillate and pollen shed dates were also calculated for all 12 cultivars on a day of year (d.o.y.) basis. All 12 were protogynous, as first pistillate date was earlier than first pollen date. First pistillate bloom dates for 'Davidson' ranged from 109 to 115 days, while for the latest flowering cultivar 'Elmer Myer' the range was from 128 to 136 days. These two cultivars were also the earliest and latest staminate (pollen) flowering clones in this study (Table 2) . Coefficients of variation ranged from 0.6 to 1.8% and 0.6 to 1.6% for first pistillate bloom date and first pollen shed date, respectively.
Season length was calculated as the number of days from peak pistillate bloom to nut harvest. The cultivar 'Sparks 127' had the shortest season (117 to 119 days) over the four year study period. In contrast, 'Emma K' had the longest season, 145 to 165 days. Coefficients of variation for season length ranged from 0.0 to 2.5%.
CONCLUSIONS
Ten microsatellite markers were used to genotype an extensive collection of black walnut germplasm. This effort revealed a 32% error rate in cultivar identification, with most errors associated with 12 cultivars. Microsatellite marker results agreed with the seven phenological descriptors. Based on their coefficients of variation, first pistillate bloom, first pollen shed and season length were consistently less variable than descriptors expressed as the mean number of days after the reference standard 'Davidson'. Heritability estimates for these three descriptors are greater than 0.80 in Persian walnut, which suggests that they could be used to differentiate black walnut cultivars in the absence of microsatellite fingerprint data. 
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